Introduction Sandstone-type uranium deposits, which make up more than 90 percent of the U.S. production and reserves, usually have organic material intimately intermixed in the ore. The major uranium districts are in the Wyoming basins (for example, Harshman, 1972) , the Texas coastal plain (for example, Eargle and others, 1975) , the Grants mineral belt in New Mexico (for example, Granger and others, 1961) , and various localities in the Uravan mineral belt of eastern Utah and southwestern Colorado (for example, Shawe and others, 1959) .
The Wyoming and Texas deposits are of the "roll" type, where the ore is between oxidizing updip and reducing downdip zones in sandstone beds that are sandwiched between lower permeability clays. The genesis of these ores has been discussed (Harshman, 1974 ) and related to a biogenic model (Rackley, 1972 ) and a nonbiogenic model (Granger and Warren, 1969) , both involving reduction of uranium at the roll interface. Organic material is observed in these deposits as coalified or mineralized logs, millimeter-size coaly material, and amorphous organic material. The deposits are commonly in close proximity to seams of lignite. The lignite is not mineralized but could be a source of humic materials.
The New Mexico and Colorado-Utah deposits are mainly of the "tabular" type, where the ore is "floating" in sandstone bodies. The ore is generally associated with coalified wood (Breger, 1974) or with insoluble, unstructured organic material, which may have originially been of a humic acid type (Granger and others, 1961; Jacobs and others, 1970) . The genesis of these ores is related to fixation of uranium by organic matter, perhaps through precipitation at an interface of two dissimilar water bodies (Granger and others, 1961; Shawe and others, 1959) .
Experimental Procedure
Stepwise pyrolysis-gas chromatography has been described by Leventhal (1975 Leventhal ( , 1976 , and the experimental procedure is only briefly reviewed here.
First, 1 to 10 mg of finely powdered sample is placed in a 2.5-cm by 2-mm (ID) quartz tube, which is then put in the spiral heating coil of the Pyroprobe Elemental analyses were done using a Perkin Elmer*C, H, and N analyzer after carbonates had been removed by acid leaching. Carbon was analyzed as x follows: Total was by Leco combustion, carbonate by acid-leach gasometry, and organic by difference (Leventhal and others, 1978) .
Uranium was analyzed by the delayed neutron technique (Millard, 1976) at the U.S. Geological Survey analytical laboratories in Denver.
*Use of brand names herein is for identification only and does not imply endorsement by the U.S. Geological Survey.
Results
Pyrolysis-gas chromatography is used to characterize insoluble organic matter. Pyrolysis can fragment the large insoluble organic molecules into smaller pieces that can be identified. The stepwise pyrolysis procedure enables the removal of volatile or soluble molecules at low temperature without the usual chemical solvent extraction. These volatile or soluble species may be of recent origin and may not be related to the organic matter that "fixed" the uranium.
The organic matter associated with sandstone-type uranium deposits can be classified into four types by pyrolysis-gas chromatography (Leventhal 1975 (Leventhal , 1976 . Grants mineral belt and Uravan mineral belt and are amorphous-structureless organic matter intimately mixed with uranium (Granger and others, 1961) . The H and C analyses (see table 1) show that they are hydrogen deficient, in some cases approaching amorphous carbon.
Pyrogram (c) shows only one large peak and several very small peaks. The large peak has been identified by mass spectrometry as having a mass/energy ratio of 128, which is characteristic of naphthalene (CipHiQ» two fused aromatic rings). Naphthalene is a molecule that should be stable to oxidation, temperature, and radiation. The small peaks present are below the sensitivity of the mass spectrometer and cannot be identified. The organic materials in these samples are similar to type (b): they are structureless and hydrogen poor. Unfortunately, the amorphous material of the Grants mineral belt has not given pyrolysis products that can be related to an organic precursor. 
